Abstract-With great potential in various applications including nano-electronics, photovoltaic, sensor, copper oxide with nanostructures are extensively studied in the past decade. Herein, using facile solution process, we prepared uniform copper oxide nanostructures on various substrates, from gold thin film to indium-tin oxide. As we demonstrated, the synthesized structures have a considerably strong dependence on the reaction agent used. Copper chloride, copper nitrite, copper acetate and copper sulfite have been adopted as reaction agents. A type of uniform nano-network structure was acquired when copper sulfite is used. Besides the agent, reaction time also plays an important role in dictating the final structures of copper oxide. Finally, the fundamental mechanism of nanostructure growth was investigated and discussed. These uniform copper oxide nanostructures prepared on substrates are promising in electronic applications at nanoscale.
I. INTRODUCTION
With advantageous characteristics, such as low band gap, extremely high absorption efficiency and high carrier mobility, copper oxide (CuO) is extremely promising to be applied into electronics. CuO is a typical P-type material with band gap of 1.4 eV [1] . The low band gap leads to considerably high optical absorption efficiency and make it promising in photovoltaic. In fact, the optimal material band gap for solar cell is estimated to be just 1.2 eV [2] , close to that of CuO.
Together with the rise of nanotechnology, CuO has been fabricated into many different kinds of nanostructures, including nanoparticle [3] , nanorods [4] , nanowires [5, 6] , nanoplates [7] and nanospindle [8] . Taking advantages of the merits of nanostructures, CuO nanostructures have achieved great success in sensing [9, 10] , photovoltaic [11] , water-splitting [12] and field-effect transistor [13] . Various methods have been adopted to prepare CuO nanostructures. Due to the advantages of easy to operate, high temperature synthesis [14, 15] holds a large portion of the CuO structures preparation. Another main synthesis approach is solution process at relatively low temperature [16, 17] . Through solution process in hot water bath, CuO nanostructures can be prepared to be much more uniform and meanwhile much cheaper. Various structures have already synthesized using solution process [18] [19] [20] . And, the synthesized structures are just randomly distributed in the reaction solution and difficult to be used in fabrication of electronics.
Thus far, research has rarely conducted to prepared CuO nanostructures on substrate. Through direct oxidation of copper foil at high temperature (over 500 degree), CuO nanowires can be prepared on copper substrate [14, 15] . But, as proved from reports, the attachment of the nanowires to the substrate is too weak to fabricate reliable nano-devices. In order to manufacture CuO nanostructure based devices, researchers have attempted to transfer the as-synthesized CuO nanowires to the required destination using dielectrophoresis force [21, 22] . But the transfer process is far from effective and then hard to meet the large-scale fabrication requirement. Therefore, synthesis of CuO nanostructures directly on required substrate is urgently desired. To fulfill this goal, we developed a novel solution process scheme for CuO nanostructures fabrication using seed layer. In the following parts, we will get into details of the experiments and characterization. The potential application of this technique will also be discussed.
II. EXPERIMENT METHODS AND CHARACTERIZATION

A. Nanorods synthesis on ITO glass
First of all, the ITO glass are cut into small pieces (2 cm * 0.5 cm) and rinsed in isopropanol, ethanol and deionized water by ultrasonication for 5 min, respectively. Then, the cleaned slides are treated with plasma for 5 min after dried using pure nitrogen.
CuO sol-gel is prepared by dissolving copper acetate (Cu(AC) 2 ) and ethanolamine into ethanol with same Cu 2+ and ethanolamine concentration. Then, the solution is stirred at 500 rpm under temperature of 60 °C for 1 hour. Then the prepared CuO sol-gel is stored at room temperature for at least 24 hours. Subsequently, ITO slides are deposited with the prepared CuO sol-gel through spin-coat at 1500 rpm for 10 s (Stage 1) and 3000 rpm for 20 s (stage 2). A uniform CuO seed layer is obtained on slides after baking on hotplate at 550 °C for 30 min.
Nanorods are grown on CuO coated ITO slides through hydrothermal approach. The reaction is conducted at 80 °C with the slides put top side down into 120 ml reaction solution with Cu(NO 3 ) 2 , 10 mM HMTA and 5ml ammonia (28%). Cu(NO 3 ) 2 and HMTA solution is deep blue as prepared and turns to be cloudy with ammonia dropped in. Finally, the solution turns to be clear and blue again when all ammonia are added. The growth mechanism is investigated by tuning Cu(NO 3 ) 2 concentration and reaction time. The solution keeps still clean and blue even after reaction as long as 2 hours. After the reaction, the slides are rinsed in plenty deionized water and then baked on hot plate at 550 °C. A black layer of film is grown on the sample. 
B. Nano-network preparation on gold thin film
We deposit a thin film of gold with thickness of 100 nm on cleaned glass slides using a sputter machine. The thickness of gold film is controlled by the deposition time. CuO nanostructure growth recipe is similar to that in Subsection A with minor modification. Here, CuSO 4 , rather than Cu(NO 3 ) 2 , is adopted as reaction agent. The reaction time is again changed to elucidate the fundamental principle of the CuO nano-network synthesis.
C. Various nanostructures grown on ITO glass
Aiming at clarifying the impact of copper salt on the final nanostructure products, Cu(AC) 2 , CuCl 2 , Cu(NO3) 2 and CuSO 4 are employed in the CuO nanostructure growth reaction. The experiments are similar with that discussed in Subsection A. The concentration of Cu 2+ is fixed to be 20 mM for all the reactions.
D. Characterization
Nanoscale morphology of the prepared CuO nanostructures are characterized with SEM (EVO-MA10, Zeiss). And the electric property of the prepared nanonetwork is measured using home-made conductive Atomic Force Microscopy (c-AFM) based on Dimension3100 AFM (Bruker).
III. RESULTS AND DISCUSSION
Using Cu(NO 3 ) 2 , a layer of densely packed CuO nanostructure is grown on substrate. As revealed from high resolution SEM images, nanorod structure is obtained. And the height of the nanostructures increase as reaction time evolves. And the concentration of Cu 2+ in the sol-gel seed solution has little influence on nanostructure growth. The thickness of ITO layer is around 250 nm, which is in conjunction with the nominal value. As indicated from the surface SEM images, the structures are very homogenous. The cross section SEM images indicate that CuO are extremely dense, which means that the horizontal growth velocity is very high even though much of copper ions are blocked by the synthesized structure. As discussed in the experiment methods, nano-network is prepared on gold thin film using copper sulfite. Figure 3d shows that the nanostructure growth velocity decreases as the reaction time evolves. The prepared CuO nano-network has a strong optical absorption capacity, as proved in Figure  3c . The samples prepared with reaction time longer than 20 min block almost all light. Then, the feature size of the nanostructures tends to increase significantly with reaction time. High resolution SEM images show that the nanonetwork is composed of nanoplates with random directions. When the reaction time increases to as long as 80 min, the size of the nanoplate can go as large as 1 m.
As shown in Figure 4 , different copper salts result into different nanostructures. To be specific, from Cu(AC) 2 , CuCl 2 , Cu(NO 3 ) 2 to CuSO 4 , the lateral feature size of the nanostructure tends to increase. Then, Cu(AC) 2 results into nanowires; Cu(Cl 2 ) and Cu(NO 3 ) 2 leads to nanorods; while nanoplates are acquired with CuSO 4 . All the resultants are nice and uniform, as proved from both the surface and cross section SEM images. Therefore, it is fair to conclude that anions play a crucial role in dictating morphology of the asprepared CuO structures. As shown in Fig. 5 , the as prepared CuO nanostructures are proved to have nice mechanical strength. After sonication treatment for 5 min at the frequency of 40 KHz, the CuO layer still keeps intact.
CuO nanostructures as prepared here is such uniform that they are promising in serving as photon absorption material and hole transporter in photovoltaic and artificial watersplitting. Fig. 6b shows that the nanostructures have a nice electric property. If the aspect ratio of individual structure can be increased further or even controlled with additional of some surfactants, much broader application fields will be open for the synthesized structures. 
IV. CONCLUSIONS
To be concluded, we proposed a facile solution process recipe to prepare uniform CuO nanostructures on substrate. SEM characterization results demonstrate the considerable uniformity of the nanostructures. And as reaction time increases, the feature of the fabricated nanostructures increases as well. Different nanostructures are acquired using different copper salt. Fine nano-network is acquired with CuSO 4 . The synthesized CuO nano-networks are formed by randomly distributed CuO nanoplates and relatively flat at the vertical direction. As revealed from the cross section SEM image, the lateral growth velocity of CuO in solution is so high that crowded structures are obtained. The feature size of individual structure increases from Cu(AC) 2 , CuCl 2 , Cu(NO 3 ) 2 to CuSO 4 . This proposed synthesis strategy will enable large-scale preparation of CuO nanostructures and pave the way for application of CuO nanostructures in nanoelectronics.
